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S-METHYL-DIHYDRO-ZIPRASIDONE FOR TREATMENT OF PSYCHIATRIC AND 

OCULAR DISORDERS 
Background of the Invention 

This application claims priority from U.S. Serial No. 60/209,136, filed on June 2, 2000, 
and from U.S. Serial No. 60/212,172, filed June 16, 2000. 

This invention relates to pharmaceutical compositions containing S-methyl-dihydro- 
ziprasidone and to the use of such compound and its pharmaceutical^ acceptable salts for 
the treatment of psychiatric and ocular disorders. More specifically, it relates to the use of 
such compound and its pharmaceutical^ acceptable salts for the treatment of a disorder or 
condition selected from: schizophrenia, anxiety disorders such as generalized anxiety 
disorder, panic disorder, posttraumatic stress disorder and phobias (e.g., social phobia, 
agoraphobia etc.); psychotic episodes of anxiety: anxiety, agitation, excessive aggression, 
tension, or social or emotional withdrawal associated with psychosis; psychotic mood 
disorders such as severe major depressive disorder; mood disorders associated with 
psychotic disorders such as acute mania and depression associated with bipolar disorder, 
and mood disorders associated with schizophrenia; behavioral disturbances associated with 
mental retardation, autistic disorder, and conduct disorder; dementias such as dementias 
associated with Alzheimer's disease; drug-induced and neurodegeneration based 
dyskinesias; obsessive compulsive disorder; Tourette's syndrome; glaucoma; and ischemic 
retinopathy. 

S-methyl-dihydro-ziprasidone, which has the following structure, 

CU 




and the chemical name 6-chloro-5-(2-{4-[imino-(2-methylsulfanylphenyl)-methyl]-piperazin-1- 
yl}-ethyl)-1,3-dihydro-indol-2-one, is an active metabolite of the antipsychotic drug 
ziprasidone, which has the following structure 




Ziprasidone and related arylpiperazinyl-(C 2 -C 4 )alkylene-heterocyclic compounds, 
methods for their synthesis and their use in the treatment of psychotic disorders of the 
schizophrenic types and for removing or ameliorating such symptoms as anxiety, agitation, 
excessive aggression, tension and social or emotional withdrawal in psychotic patients are 
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referred to in United States Patent 4,831,031, which issued on May 16, 1989, United States 
Patent 5,206,366, which issued on April 27, 1993, United States Patent 4,833,795, which 
issued on November 28, 1989, United States Patent 5,312,925, which issued on May 17, 
1994 and United States Patent 5,338,846, which issued on August 16, 1994. The use of 
5 ziprasidone and such related compounds for the treatment of obsessive-compulsive disorder 
and Tourette's syndrome is referred to in United States Patent Application 09/146,289, which 
was filed on September 3, 1998. The use of ziprasidone and such related compounds for the 
treatment of behavioral symptoms associated with psychosis is referred to in United States 
Patent Application 09/216,344, which was filed on December 8, 1998. The use of ziprasidone 
10 and such related compounds for the treatment of glaucoma and ischemic retinopathy is 
referred to in United States Patent Application 09/314,792, which was filed on May 18, 1999. 
All of the foregoing patents, patent applications and journal articles are incorporated herein by 
reference in their entireties. 

Summary of the Invention 

15 This invention relates to a pharmaceutical composition for treating a disorder or 

condition selected from: schizophrenia, anxiety disorders such as generalized anxiety 
disorder, panic disorder, posttraumatic stress disorder and phobias (e.g., social phobia, 
agoraphobia etc.); psychotic episodes of anxiety: anxiety, agitation, excessive aggression, 
tension, or social or emotional withdrawal associated with psychosis; psychotic mood 

20 disorders such as severe major depressive disorder; mood disorders associated with 
psychotic disorders such as acute mania and depression associated with bipolar disorder, 
and mood disorders associated with schizophrenia; behavioral disturbances associated with 
mental retardation, autistic disorder, and conduct disorder; dementias such as dementias 
associated with Alzheimer's disease; drug-induced and neurodegeneration based 

25 dyskinesias; obsessive compulsive disorder; Tourette's syndrome; glaucoma; and ischemic 
retinopathy in a mammal, including a human, comprising an amount of S-methyl-dihydro- 
ziprasidone, or a pharmaceutical^ acceptable salt thereof, that is effective in treating such 
disorder or condition, and a pharmaceutical^ acceptable carrier. 

This invention relates to a method of treating a disorder or condition selected from: 

30 schizophrenia, anxiety disorders such as generalized anxiety disorder, panic disorder, 
posttraumatic stress disorder and phobias (e.g., social phobia, agoraphobia etc.); psychotic 
episodes of anxiety: anxiety, agitation, excessive aggression, tension, or social or emotional 
withdrawal associated with psychosis; psychotic mood disorders such as severe major 
depressive disorder; mood disorders associated with psychotic disorders such as acute 

35 mania and depression associated with bipolar disorder, and mood disorders associated with 
schizophrenia; behavioral disturbances associated with mental retardation, autistic disorder, 
and conduct disorder; dementias such as dementias associated with Alzheimer's disease; 




drug-induced and neurodegeneratjon based dyskinesias; obsessive compulsive disorder; 
Tourette's syndrome; glaucoma; and ischemic retinopathy in a mammal, including a human, 
comprising administering to said mammal an amount of S-methyl-dihydro-ziprasidone, or a 
pharmaceutical^ acceptable salt thereof, that is effective in treating such disorder or 
5 condition. This method is hereinafter also referred to as "the inventive method". 

The term "treating", as used herein, refers to reversing, alleviating, inhibiting the 
progress of, or preventing the disorder or condition to which such term applies, or one or 
more symptoms of such disorders or condition. The term "treatment", as used herein, refers 
to the act of treating, as "treating" is defined immediately above. 
10 The present invention also relates to the above inventive method, wherein a 

radiolabeled form of S-methyl-dihydro-ziprasidone is used instead of S-methyl-dihydro- 
ziprasidone. Preferred radiolabeled compounds of S-methyl-dihydro-ziprasidone are those 
wherein the radiolabels are selected from as 3 H, 11 C, 2 H, 13 C, 14 C, 18 F, 123 l and 125 L Such 
radiolabeled compounds are useful as research and diagnostic tools in metabolism 
15 pharmacokinetics studies and in binding assays in both animals and man. 

Examples of pharmaceutical^ acceptable acid addition salts of the compounds of 
formula I are the salts of hydrochloric acid, p-toluenesulfonic acid, fumaric acid, citric acid, 
succinic acid, salicylic acid, oxalic acid, hydrobromic acid, phosphoric acid, methanesulfonic 
acid, tartaric acid, maleic acid, di-p-toluoyl tartaric acid, acetic acid, sulfuric acid, hydroiodic 
20 acid and mandelic acid. 

A more specific embodiment of this invention relates to the above inventive method 
wherein the disorder or condition being treated is schizophrenia. 

Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is selected from generalized anxiety 
25 disorder, panic disorder, post traumatic stress disorder and phobias. 

Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is obsessive-compulsive disorder. 

Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is glaucoma. 
30 Another more specific embodiment of this invention relates to the above inventive 

method wherein the disorder or condition being treated is ischemic retinopathy. 

Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is bipolar disorder. 

Another more specific embodiment of this invention relates to the above inventive 
35 method wherein the disorder or condition being treated is Tourette's syndrome. 

Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is a drug induced dyskinesia. 



• * 

-4- 



Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is a neurodegeneration based 
dyskinesia. 

Another more specific embodiment of this invention relates to the above inventive 
5 method wherein the disorder or condition being treated is a mood disorder associated with a 
psychotic disorder such as acute mania or depression associated with bipolar disorder, or 
mood disorders associated with schizophrenia. 

Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is a behavioral disturbance associated 
10 with mental retardation, autistic disorder, or conduct disorder. 

Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is selected from vascular dementia, 
dementia due to HIV disease, dementia due to head trauma, dementia due to Parkinson's 
disease, dementia due to Huntington's disease, dementia due to Pick's disease, dementia due 
15 to Creutzfeldt-Jakob disease, substance r induced persisting dementia, dementia due to multiple 
etiologies and dementia not otherwise specified (NOS), 

Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is a dementia of the Alzheimer's type 
and is selected from the group consisting of dementia of the Alzheimer's type with early onset 
20 uncomplicated, dementia of the Alzheimer's type with early onset with delusions, dementia of 
the Alzheimer's type with early onset with depressed mood, dementia of the Alzheimer's type 
with late onset uncomplicated, dementia of the Alzheimer's type with late onset with delusions 
and dementia of the Alzheimer's type with late onset with depressed mood. 

Another more specific embodiment of this invention relates to the above inventive 
25 method wherein the disorder or condition being treated is selected from panic disorder without 
agoraphobia, panic disorder with agoraphobia, agoraphobia without history of panic disorder, 
social phobia, posttraumatic stress disorder, acute stress disorder, generalized anxiety disorder, 
substance-induced anxiety disorder and anxiety disorder not otherwise specified (NOS). 

Another more specific embodiment of this invention relates to the above inventive 
30 method wherein the disorder or condition being treated is a psychotic mood disorder. 

Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is selected from depressive disorders, 
bipolar disorders, mood disorder with depressive features, mood disorder with major 
depressive-like episode, mood disorder with manic features, mood disorder with mixed features, 
35 substance-induced mood disorder and mood disorder not otherwise specified (NOS). 
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Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is selected from the group consisting of 
major depressive disorder (single episode) and major depressive disorder (recurrent). 

Another more specific embodiment of this invention relates to the above inventive 
5 method wherein the disorder or condition being treated is selected from bipolar I or II disorder 
(single manic episode), bipolar I or II disorder (most recent episode hypomanic), bipolar I or II 
disorder (most recent episode manic, bipolar I or II disorder most recent episode mixed, bipolar I 
or II disorder most recent episode depressed), cyclothymic disorder and bipolar disorder not 
otherwise specified (NOS). 
10 Another more specific embodiment of this invention relates to the above inventive 

method wherein the disorder or condition being treated is schizophrenia of the paranoid type, 
disorganized type, catatonic type, undifferentiated type or residual type. 

Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is a behavioral manifestation of mental 
15 retardation. 

Another more specific embodiment of this invention relates to the above inventive 
method wherein the disorder or condition being treated is a behavioral manifestation of conduct 
disorder. 

Another more specific embodiment of this invention relates to the above inventive 
20 method wherein the disorder or condition being treated is a behavioral manifestation of autistic 
disorder. 

All the psychiatric disorders and conditions referred to herein are known to those of skill 
in the art and defined as in the Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition, American Psychiatric Association, 1994 (DMS IV), which is incorporated herein by 
25 reference in its entirety. 

Detailed Description of the Invention 
S-methyl-dihydro-ziprasidone can be prepared by reacting dihydro-ziprasidone with a 
methylating agent (e.g., iodomethane or diazomethane), preferably with iodomethane. This 
reaction is preferably carried out under a nitrogen atmosphere. It is typically carried out in a 
30 lower alkanol solvent such as methanol, ethanol or propanol, preferably methanol, at a 
temperature from about 0°C to about the reflux temperature of the solvent, preferably at about 
room temperature, in the presence of a strong base such as potassium hydroxide, sodium 
hydroxide, potassium or sodium t-butoxide, or potassium or sodium carbonate. 

Dihydro-ziprasidone can be prepared as described in United States Patent 5,935,960, 
35 which issued on August 10, 1999. This patent is incorporated herein by reference in its 
entirety. 
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The pharmaceutically acceptable acid addition salts of S-methyl-dihydro-ziprasidone 
are prepared in a conventional manner by treating a solution or suspension of the free base 
(I) with about one chemical equivalent of a pharmaceutically acceptable acid. Conventional 
concentration and recrystallization techniques are employed in isolating the salts. Illustrative 
5 of suitable acids are the acetic, hydrochloric, hydrobromic, hydroiodic, nitric, sulfonic, sulfuric, 
isonicotinic, lactic, salicylic, citric, tartaric, pantothenic, bitartaric, ascorbic, succinic, maleic, 
fumaric, glucaronic, saccharate, formate, benzoate, glutamate, methanesulfonic, 
ethanesulfonic, benzenesulfonic, p-toluenesulfonic, and gluconic acids. 

S-methyl-dihydro-ziprasidone and its pharmaceutically acceptable salts (referred to 

10 collectively, hereinafter, as "the active compounds of this invention"), can be administered to a 
human subject either alone, or, preferably, in combination with pharmaceutically acceptable 
carriers or diluents, in a pharmaceutical practice. Such compounds can be administered 
orally or parenterally. Parenteral administration includes especially intravenous and 
intramuscular administration. Additionally, in a pharmaceutical composition comprising an 

15 active compound of this invention, the weight ratio of active ingredient to carrier will normally 
be in the range from 1:6 to 2:1, and preferably 1:4 to 1:1. However, in any given case, the 
ratio chosen will depend on such factors as the solubility of the active component, the dosage 
contemplated and the precise route of administration. 

The active compounds of this invention can be administered to mammals via either the 

20 oral, parenteral (such as subcutaneous, intravenous, intramuscular, intrasternal and infusion 
techniques), rectal, intranasal or topical routes. In general, these compounds are most 
desirably administered in doses ranging from about 0.5 to about 500 mg per day, in single or 
divided doses ( i.e. , from 1 to 4 doses per day), although variations will necessarily occur 
depending upon the species, weight and condition of the subject being treated and the 

25 particular route of administration chosen. However, a dosage level that is in the range of about 
10 mg to about 80 mg per kg of body weight per day is most desirably employed. Nevertheless, 
variations may occur depending upon the species of animal being treated and its individual 
response to said medicament, as well as on the type of pharmaceutical formulation chosen and 
the time period and interval at which such administration is carried out. In some instances, 

30 dosage levels below the lower limit of the aforesaid range may be more than adequate, while in 
other cases still larger doses may be employed without causing any harmful side effects, 
provided that such higher dose levels are first divided into several small doses for administration 
throughout the day. 

The active compounds of this invention can be administered alone or in combination 
35 with pharmaceutically acceptable carriers or diluents by any of the routes previously indicated, 
and such administration may be carried out in single or multiple doses. More particularly, the 
novel therapeutic agents of this invention can be administered in a wide variety of different 



-7- 



dosage forms, Le., they may be combined with various pharmaceutical^ acceptable inert 
carriers in the form of tablets, capsules, lozenges, troches, hard candies, powders, sprays, 
creams, salves, suppositories, jellies, gels, pastes, lotions, ointments, aqueous suspensions, 
injectable solutions, elixirs, syrups, and the like. Such carriers include solid diluents or fillers, 
5 sterile aqueous media and various non-toxic organic solvents, etc. Moreover, oral 
pharmaceutical compositions can be suitably sweetened and/or flavored. In general, the 
therapeutically-effective compounds of this invention are present in such dosage forms at 
concentration levels ranging from about 5.0% to about 70% by weight. 

For oral use in treating the various disorders and conditions referred to above, the 

10 can be administered, for example, in the form of tablets or capsules, or as an aqueous 
solution or suspension. Tablets containing various excipients such as microcrystalline 
cellulose, sodium citrate, calcium carbonate, dicalcium phosphate and glycine may be 
employed along with various disintegrants such as starch (and preferably corn, potato or 
tapioca starch), alginic acid and certain complex silicates, together with granulation binders 

15 like polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubricating agents such as 
magnesium stearate, sodium lauryl sulfate and talc are often very useful for tabletting 
purposes. Solid compositions of a similar type may also be employed as fillers in gelatin 
capsules; preferred materials in this connection also include lactose or milk sugar as well as 
high molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are 

20 desired for oral administration, the active ingredient may be combined with various 
sweetening or flavoring agents, coloring matter or dyes, and, if so desired, emulsifying and/or 
suspending agents as well, together with such diluents as water, ethanol, propylene glycol, 
glycerin and various like combinations thereof. 

For parenteral administration, solutions of a compound of the present invention in 

25 either sesame or peanut oil or in aqueous propylene glycol may be employed. The aqueous 
solutions should be suitably buffered (preferably pH greater than 8) if necessary and the liquid 
diluent first rendered isotonic. These aqueous solutions are suitable for intravenous injection 
purposes. The oily solutions are suitable for intra-articular, intra-muscular and subcutaneous 
injection purposes. The preparation of all these solutions under sterile conditions is readily 

30 accomplished by standard pharmaceutical techniques well known to those skilled in the art. 

For intramuscular, parenteral and intravenous use, sterile solutions of the active 
ingredient can be prepared, and the pH of the solutions should be suitably adjusted and 
buffered. For intravenous use, the total concentration of solutes should be controlled to 
render the preparation isotonic. 

35 Additionally, it is also possible to administer the compounds of the present invention 

topically when treating ocular disorders such as glaucoma and ischemic retinopathy and this 
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may be done by way of creams, jellies, gels, pastes, patches, ointments and the like, in 
accordance with standard pharmaceutical practice. 

The following example illustrates the synthesis of S-methyl-dihydro-ziprasidone. 

EXAMPLE 1 

5 6-CHLORO-5-(2-{4-[IMINO-(2-METHYLSULFANYLPHENYL)-METHYL]-PIPERAZIN-1-YL}- 

ETHYL)-1 ,3-DlHYDRO-INDOL-2-ONE 

Potassium hydroxide (1 .82 grams) was added to methanol (1300 ml) under a nitrogen 
atmosphere and stirred for 15 minutes at 21 °C. Dihydro-ziprasidone (13.0 grams, 31.3 mmol) 
was added and the mixture was stirred at 21 °C until a solution was formed, lodomethane 

10 (2.34 ml, 37.7 mmol, 1.2 equivalents) was added and the solution was allowed to stir 
overnight at 21 °C. The progress of the reaction was followed using thin layer 
chromatography (silica gel, eluting with 4:1 methylene chloride:isopropanol, visualizing with 
UV lamp at 254 nm). The reaction mixture was vacuum concentrated and 2.0 liters of 
methylene chloride and 500 ml of water were added to the remaining solid. The hazy mixture 

15 was allowed to stir for 15 minutes, after which the water layer (pH=9.8) was discarded. The 
methylene chloride layer, which was light pink, was dried using magnesium sulfate and Darco 
G60 was added to decolorize the solid. The mixture was allowed to stir for another 15 
minutes at 21 °C and filtered over Celite. The Celite filter pad was washed with 50 ml 
methylene chloride and the combined filtrates were vacuum concentrated to a solid (13.05 

20 grams) that was a lighter pink. Further purification using flash chromatography with silica gel 
and a methylene chloride eluent yielded 7.38 grams of the title compound. M.P. 103 - 106°C 
(gassing). Mass spectrum (m/e, % intensity): 429 (100, M+1), 236,194. 13 C NMR (CDCI3) 
177.70, 166.83, 142,36, 136.94, 136.17, 133.10, 131.30, 129.51, 126.86, 125.27, 124.46, 
1 1 1 .06, 58.84, 53.1 1 , 36.09, 30.95 and 1 5.87. 



